Abstract: An increased dietary intake of n-3 highly unsaturated fatty acids (HUFA; 20 carbons, 3 carbon-carbon double bonds), particularly eicosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA;, is associated with the decreased risk and incidence of several morbidities afflicting the elderly, including cognitive decline, dementia, rheumatoid arthritis, and macular degeneration. In this study, the dietary intake and blood levels of fatty acids were directly determined in residents of a retirement home or assisted living phase of a continuum of care facility for Canadian seniors. Finger-tip-prick blood samples, 3-day food duplicates, and 3-day food records were collected. The fatty acid composition of food duplicates and blood was determined by gas chromatography. Fifteen participants (7 male, 8 female; 87.1 ± 4.8 years of age) completed the protocol. The daily intake of EPA and DHA combined, determined directly, was 70 mg (95% CI, 41-119) or 0.036% of total energy (95% CI, 0.022-0.058). In finger-tip-prick blood, the percent of n-3 HUFA in total HUFA of whole blood, a biomarker of n-3 polyunsaturated fatty acid status, was 28.8 ± 5.2%. Correlations between daily n-3 HUFA intake and n-3 HUFA in blood were not significant (r = 0.14; n = 15), but became significant after the removal of 2 participants who appeared to consume fish irregularly (r = 0.59; n = 13). The n-3 HUFA intake and corresponding n-3 HUFA blood levels of Canadian long-term care residents are lower than levels estimated to prevent several morbidities associated with aging.
Introduction
Strategies to prevent and (or) reduce morbidity in the elderly are required as the Canadian population ages. Increasing the intake of omega-3 polyunsaturated fatty acids (n-3 PUFA), particularly the long-chain n-3 PUFA or n-3 highly unsaturated fatty acids (HUFA; 20 carbons, 3 carboncarbon double bonds) in elderly Canadians may be one such strategy. Eicosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA; 22:6n-3) intake has been associated with cognitive benefits in older adults and the elderly (van Gelder et al. 2007; Schaefer et al. 2006; Whalley et al. 2008; Nurk et al. 2007; Dullemeijer et al. 2007; Beydoun et al. 2008) . Intake of n-3 PUFA has also been associated with benefits in other age-related morbidities, including rheumatoid arthritis (Stamp et al. 2005) , depression (Kiecolt-Glaser et al. 2007) , and macular degeneration (SanGiovanni and Chew 2005) .
Recommendations for the dietary intake of n-3 PUFA tend to be generalized for adults (19 years and older), with no specific recommendations for older adults. The acceptable macronutrient distribution range (AMDR) for North Americans is 0.6%-1.2% of energy from n-3 PUFA, with 10% of this being EPA and (or) DHA, and the daily adequate intake (AI) for a-linolenic acid for all adults (19 years and older) is 1.6 g for men and 1.1 g for women (Food and Nutrition Board and Institute of Medicine 2002) . Estimates of daily dietary EPA and DHA intake by elderly adults tend to be below 400 mg (Mozaffarian et al. 2008; Flood et al. 2007; Schaefer et al. 2006; van Gelder et al. 2007 ), but the studies are relatively few in number and limited to indirect quantitation techniques, such as diet records and food frequency questionnaires; there are no estimates of EPA + DHA intake by Canadian elderly.
Levels of EPA and DHA in blood correlate with the dietary intake of EPA and DHA (Kuriki et al. 2003; Stark et al. 2005b ). In addition, blood levels of EPA and DHA correlate with levels of EPA and DHA in various tissues, including heart and brain (Stark 2008b) . The measurement of n-3 HUFA in blood as a biomarker of dietary intake could also serve as a modifiable risk factor for chronic diseases (Stark 2008a; Harris and Von Schacky 2004) . Typically, blood assessments of fatty acids have been limited in implication by the associated analytical burden. The use of finger-tip blood sampling with rapid analytical techniques (Armstrong et al. 2008) can provide a physiological assessment of n-3 fatty acids that is prone to fewer errors, and that has an equal or smaller analytical burden than some dietary assessments.
This investigation is the first to our knowledge to directly quantitate the dietary intake of individual fatty acids in a sample of residents of a long-term care facility. Individual fatty acids were determined by gas chromatography following lipid extraction of homogenized samples from 3-day duplicate food collections of individual participants. The fatty acid compositions of finger-tip blood samples were determined as a potential indicator of dietary intake. In addition, macronutrient intake was assessed with food proximate analysis and dietary analysis of 3-day food records.
Materials and methods

Participants and study design
All procedures and protocols received approval from the Human Research Ethics Committee of the University of Waterloo. Residents of a retirement home or assisted living phase of a continuum of care facility for Canadian seniors (Village of Winston Park, Kitchener, Ont.) were recruited through the Schlegel-UW Research Institute of Aging. Recruitment was restricted to residents receiving assisted living who were capable of providing informed consent. Meals were provided by the facility's food services in one of the common dining rooms. The residents had access to food outside the dining room, including in personal refrigerators in their individual accommodations. Individuals unable to adhere to the blood collection protocol, due to bleeding disorders or an inability to fast overnight, were excluded from the study.
Participants were informed that the study was examining nutrient intake and were asked to eat normally, without altering their typical dietary habits. Information regarding the focus of the study (n-3 PUFA intake) was not released until after all participants had completed the protocol. Participants were asked to provide duplicate food collections and complete food records simultaneously, over 3 consecutive days, similar to a protocol used in in pregnant women (Denomme et al. 2005 ). In addition, a blood sample was collected by finger-tip prick after a 12-h overnight fast on the first day of the study.
Duplicate food collection and dietary records
All participants were served breakfast, lunch, and dinner in a common dining room by facility staff. The menu at the facility cycled on a 4-week rotation, with 2 choices offered at each meal, and with the addition of seasonal foods and special dinner events. The menu complied with standards set by the Ontario Ministry of Health and Long Term-Care, the Ontario Retirement Communities Association, and Health Canada. At each meal, participants received a duplicate meal on a separate plate. Residents consumed their meals and placed equivalent food portions from the duplicate plate into a collection container. Small containers were provided to residents to collect duplicate snacks consumed throughout the day and during the evening. Residents were also instructed to include vitamins, nutritional supplements, and beverages, but not pharmaceuticals, in the duplicate collection. Participants were also asked to complete a simultaneous 3-day dietary record.
Meals were collected, collated for individual participants, and refrigerated at the long-term care facility. On day 4 of the study, snacks from the previous evening were collected, and the foods from the collection period were combined for each individual, transferred to the University of Waterloo, and homogenized with a Waring 4L Blender (Fisher Scientific, Ottawa, Ont.). Aliquots of food homogenate for each individual were stored at -80 8C until analyses could be completed. Dietary food records were analyzed with Food Processor SQL Edition dietary analysis software (version 10.2.1; ESHA Research, Salem, Ore.). Resident participation and food collection occurred between 1 July 2007 and 1 September 2007, and at least 1 member of the research team was present at each meal to assist participants.
Biochemical analyses of food homogenates
The fatty acid composition of food homogenates was determined in triplicate by gas chromatography analysis, as described elsewhere (Denomme et al. 2005) . Briefly, a representative sample of the homogenate (~0.15 g) was extracted with chloroform and methanol (2:1, v/v) and 0.188 molÁL -1 potassium chloride in the presence of butylated hydroxytoluene and an internal standard (22:3n-3 ethyl ester; Nu-Chek Prep, Elysian, Minn.). The organic phase was collected and the extraction was repeated on the aqueous layer with chloroform. The combined organic extracts were percolated through a pipette containing a layer of cotton and a~2.5 cm layer of anhydrous sodium sulfate (Na 2 SO 4 ) to remove moisture and contaminants. Fatty acid methyl esters were prepared from the lipid extracts with 14% boron trifluoride in methanol (Alltech, Deerfield, Ill.), according to the methods of Morrison and Smith (1964) , with a modification to include hexane (Salem et al. 1996) . The fatty acid methyl esters were analyzed on a Shimadzu 17-A gas chromatograph (Shimadzu, Columbia, Md.), with a DB-FFAP 30 m Â 0.25 mm inner diameter Â 0.25 mm film thickness capillary column (J & W Scientific, Agilent Technologies, Palo Alto, Calif.) and settings similar to those described elsewhere (Armstrong et al. 2008) . The macronutrient composition and energy content of food homogenates were also determined by food proximate analysis in a Standards Council of Canada-accredited laboratory (University of Guelph, Laboratory Services Division, Guelph, Ont.).
Analysis of blood fatty acids
The fatty acid composition of blood samples was analyzed as described elsewhere (Armstrong et al. 2008) . Fasting finger-tip prick blood samples were collected on strips of chromatography paper (Whatman, Clifton, N.J.) and immediately placed in 0.5 mL of hexane at the long-term care facility, prior to transport to laboratory facilities at the University of Waterloo. Fatty acid methyl esters of total lipids from whole blood were prepared by direct transesterification, using convectional heat by block heater for 60 min at 90 8C. Fatty acids are presented as relative percentages of total fatty acids, and the percent of n-3 HUFA in total HUFA was calculated, which has been demonstrated to be a suitable biomarker of n-3 tissue status that is fairly consistent among plasma, serum, erythrocytes, and whole blood (Armstrong et al. 2008; Stark 2008b ).
Statistical analyses
All statistical analyses were completed with SPSS for Windows statistical software (release 11.5.1; SPPS Inc., Chicago, Ill.). The Shapiro-Wilk test was used to assess the normality of the dependent variables. Dietary intake variables were largely skewed, so data were log transformed and geometric means and 95% confidence intervals (CI) were calculated. Blood fatty acid data were largely normally distributed, and data are presented as means ± standard deviation (SD). Individual participant values, with the mean and medians, are presented for n-3 HUFA in blood and for EPA + DHA intake because of previous reports of considerable variation in the Canadian population (Denomme et al. 2005; Innis and Elias 2003) . Potential differences between males and females were examined with independent t tests and nutrient intake estimates from 3-day food records, and direct biochemical quantitations were compared with paired t tests. Significance for all tests was set at p < 0.05. Pearson's correlation coefficients between various measures of n-3 HUFA intake and n-3 HUFA in blood were also determined.
Results
Seventeen residents were recruited, and 15 participants (7 male, 8 female) completed the protocol. The participants averaged 87.1 ± 4.8 years of age (ranging from 79 to 98), with no differences between males and females. Participants were not capable of completing the duplicate food collection and the dietary food record protocols alone, and received considerable aid from members of the research team and (or) the long-term care facility staff.
Duplicate food collection and dietary records
Nutrient intake was determined from 3-day dietary records and biochemical quantitation (Table 1 ). There were no significant differences detected in any nutrient intake, by either assessment, between the men and the women, because the daily energy intake of the men and women was similar (9.75 MJ (95% CI, 8.48-11.21) vs. 9.36 MJ (95% CI, 8.64-10.13) for 3-day food record, and 7.55 MJ (95% CI, 6.35-8.99) vs. 7.08 (95% CI, 6.01-8.33) for food proximate analysis). Significant differences between nutrient estimates from 3-day food records and biochemical determination were detected. This included significantly higher estimates of energy intake, mass intake of carbohydrates, and mass and percent of energy intake of fat, and lower estimates of protein intake as a percent of energy with 3-day food records than with direct biochemical quantitation. Estimates of various vitamin and mineral intakes in the sample were determined from 3-day food records only.
The fatty acid composition of food homogenates from the duplicate food collections was determined directly, and the data were expressed as relative percentages of total fatty acids, daily concentrations (in mg), and as the percentage of total energy (Table 2) . Palmitic acid (16:0) and oleic acid (18:1n-9) made up approximately half the total amount of fatty acids consumed, with stearic acid (18:0) and linoleic acid (18:2n-6) comprising another 25%. Saturated fat intake was approximately 10% of total energy (10.92%; 95% CI, 10.11-11.81) and polyunsaturated fat intake was slightly lower than 5% of total energy (3.87%; 95% CI, 3.25-4.60). The ratio of n-6 to n-3 PUFA was 6.8 to 1, with linoleic acid and a-linolenic (18:3n-3) making up over 90% and 80% of the total amount of n-6 and n-3 consumed, respectively.
As determined by direct biochemical quantitation of 3-day food duplicates, and as shown in Table 2 , daily PUFA intake was as follows: 798 mg (95% CI, 631-1010) or 0.41% of energy (95% CI, 0.35-0.48) for 18:3n-3; 19 mg (95% CI, 11-34) or 0.01 % of energy (95% CI, 0.01-0.02) for 20:5n-3; 31 mg (95% CI, 18-54) or 0.02 % of energy (95% CI, 0.01-0.03) for 22:5n-3; and 47 mg (95% CI, 28-80) or 0.02% of energy (95% CI, 0.02-0.04) for 22:6n-3. Mean daily intake of EPA + DHA was 121 ± 143 mg and 0.058 ± 0.072% of energy, while median daily intake was 53 mg and 0.027% of energy (geometric daily mean was 70 mg, (95% CI, 41-119) and 0.036% of energy (95% CI, 0.022-0.058) (Fig. 1) . Estimates of the arithmetic mean of daily EPA + DHA intake from 3-day food records was 350 ± 508 mg, which was statistically higher (p = 0.047, by paired t test) than direct determination, but both determinations were significantly correlated (r = 0.77; p = 0.001). The significant difference did not persist when the geometric means were examined (106 mg (95% CI, 44-255) vs. 70 mg (95% CI, 41-119)).
Finger-tip prick whole blood analyses
Fasting blood samples were collected from each participant with a finger-tip prick to minimize invasiveness. The fatty acid composition of the total lipids of whole blood was determined to assess omega-3 fatty acid tissue status (Table 3 ). The female participants had slightly higher levels of 18:3n-6 than the men (weight %, 0.59 ± 0.30 vs. 0.26 ± 0.18; p = 0.26). Dietary estimates of 18:3n-6 and 18:2n-6 by direct measurement of food duplicates indicated that there were no significant differences when the fats were expressed in terms of mass or percent of total energy between females and males.
The individual omega-3 fatty acids, the omega-3 biomarkers (including EPA + DHA), the percentage of n-3 HUFA in total HUFA, and the ratio of total n-3 PUFA to total n-6 PUFA (Armstrong et al. 2008; Stark 2008b; Harris and Von Schacky 2004) were all slightly, but not significantly, higher in the female participants than in the males. The differences in 18:3n-3 levels in females and males (weight %, 0.69 ± 0.24 vs. 0.42 ± 0.28) approached significance (p = 0.064). Individual values of the percentage of n-3 HUFA in total HUFA are presented in Fig. 2 , and the mean (28.8 ± 5.2) and the median (28.3) values are similar. There were no significant differences between females and males in the estimates of omega-3 fatty acids by mass or percentage of total energy, although the intake of men was slightly higher.
Various measures of omega-3 fatty acids in blood and omega-3 food intake estimates were not correlated. Two participants with low-moderate percentages of n-3 HUFA in total HUFA in their blood at study entry (baseline) consumed high amounts of n-3 HUFA in the form of a salmon meal during the food collection segment of the study (Fig. 3) . In contrast, the participant in our study with the highest percent of n-3 HUFA in total HUFA (37%) was the only participant taking daily fish oil supplements. Exclusion of the 2 participants that consumed the salmon meal resulted in a significant correlation (r = 0.59; p = 0.034) between the percent of n-3 HUFA in total HUFA in blood and the amount of daily n-3 HUFA consumed (mg). Removal of the participant consuming fish oil regularly resulted in no significance (r = 0.38; p = 0.23).
Discussion
The level of n-3 HUFA in the blood of the participants (28.8 ± 5.2% of n-3 HUFA in total HUFA) is lower than 40%, which is the level associated with cardiovascular benefit (Lands 2005; Dolecek 1992 ). Currently, there are no recommendations for the percent of n-3 HUFA in total HUFA to prevent cognitive decline in the elderly, although, in the Framingham Heart Study, participants with plasma phosphatidylcholine DHA levels in the upper quartile (DHA comprising 4.2% of total fatty acids in plasma phosphatidylcholine and an estimated daily dietary intake of 180 mg of DHA) had a significantly lower risk of developing all-cause dementia (Schaefer et al. 2006) . We estimate that this corresponds to approximately 32% of n-3 HUFA in total HUFA, based on previously observed DHA levels in North Americans (Stark et al. 2003) .
In an institutionalized elderly group in France, the percent of n-3 HUFA in total HUFA in blood was 24%, based on reported means (Asciutti-Moura et al. 1988 ). The n-3 PUFA levels of plasma phospholipids in healthy older Canadians have also been reported previously, from which the percent of n-3 HUFA in total HUFA can be estimated to be between 20% (Laurin et al. 2003 ) and 38% (Conquer et al. 2000) . The participants in our study had higher percentages of n-3 HUFA in total HUFA than young adults living in the { Energy, carbohydrate, and protein intake were determined by proximate analysis; fat measurements were determined by gas chromatography.
{ Significantly different from 3-d food record estimates by paired t tests of log transformed data; p < 0.05.
Kitchener-Waterloo region (19.8 ± 2.3) (Armstrong et al. 2008; Metherel et al. 2007 ). It does appear that older populations may have elevated n-3 HUFA in blood, compared with younger adults. A positive association between aging and increasing EPA and DHA measured in blood has recently been reported, with marine fish fat intake increasing and meat fat intake decreasing with age (Crowe et al. 2008) . However, there is also a report of a positive association between blood levels of n-3 HUFA and aging after controlling for the dietary intake of fish (de Groot et al. 2008) . Further research examining the relationship between n-3 HUFA accumulation with aging and dietary intake is required.
Intake of EPA and DHA correlate with blood measurements of EPA and DHA (Stark et al. 2005a; Bjerve et al. 1993 ). In our study, dietary n-3 HUFA intake did not correlate with n-3 HUFA markers measured in whole blood, because 2 participants with low-moderate levels of n-3 HUFA in blood consumed salmon during the 3-day duplicate food collection. Excluding these 2 participants from the analysis resulted in a significant correlation between blood n-3 HUFA and the intake of n-3 HUFA (r = 0.59; p = 0.034; n = 13). Although digestive malabsorption or increased oxidative metabolism of n-3 HUFA is a possibility, it is more likely that the single salmon meal included in the 3-day dietary assessment was the main, if not the only, intake of n-3 HUFA for the month. The n-3 HUFA intake of the 2 participants were adjusted, based on the premise that the measured 3-day n-3 HUFA intake represented the 28-day intake, or a single salmon meal consumed during the 4-week food services menu rotation. After the adjustment, the correlation between the percentage of n-3 HUFA in total HUFA in blood and the daily intake of n-3 HUFA (mg) was significant for all participants (r = 0.59; p = 0.021; n = 15).
This study indicates that the intake of EPA and DHA in residents of a long-term care facility is below current recommendations. In our study, total n-3 PUFA intake was 0.48% (95% CI, 0.41-0.58) of total energy, with EPA + DHA Note: Values are geometric means (95% CI), n = 15. MUFA, monounsaturated fatty acids; HUFA, highly unsaturated fatty acids; PUFA, polyunsaturated fatty acids. being 9.6 ± 10.3% of total n-3 PUFA intake. The daily intake of a-linolenic acid was 798 mg (95% CI, 631-1010; 739 mg (95% CI, 534-1023) in females vs. 871 mg (95% CI, 610-1245) in males; no significant differences). These values are much lower than the daily adequate intake (the median nutrient intake in a group of healthy people) for a-linolenic acid for adults (1.6 g for men and 1.1 g for women) (Food and Nutrition Board and Institute of Medicine 2002). The median daily intake of a-linolenic acid in this study was 708 mg, with no difference between males (838 mg) and females (657 mg), suggesting that an examination of the daily adequate intake of a-linolenic acid for older adults may be warranted.
Specific recommendations for n-3 HUFA intake, including EPA and DHA, have been made for adult populations, with no specific guidelines for the elderly. These recommendations include a minimum daily intake of 500 mg of EPA and DHA by the International Society for the Study of Fatty Acids and Lipids (Cunnane et al. 2004) , and a joint recommendation of 500 mg daily of long-chain n-3 PUFA by the American Dietetic Association and Dietitians of Canada (Kris-Etherton and Innis 2007). In our study, daily intake of EPA and DHA combined was 70 mg (95% CI, 41-119), with 19 mg (95% CI, 11-34) of EPA, 31 mg (95% CI, 18-54) of n-3 docosapentaenoic acid , and 47 mg (95% CI, 28-80) of DHA. This confirms previous findings of the low intake of n-3 HUFA by residents (pregnant women) of the Kitchener-Waterloo-Guelph region (Denomme et al. 2005) .
Estimates of combined EPA and DHA daily intake in older adults, as determined by food frequency surveys, have been reported to be 130-292 mg in the United States (Mozaffarian et al. 2008; Schaefer et al. 2006) , 176 mg in the Netherlands (van Gelder et al. 2007 ), 148-240 mg in Australia (Flood et al. 2007; Meyer et al. 2003) , and 890 mg in Norway (Johansson et al. 1998 ). There are limited data on specific n-3 PUFA intake in the elderly living in long-term care facilities. Dietary fatty acid intake was also reported for 53 institutionalized elderly in France (Asciutti-Moura et al. 1988) . Dietary intake was determined with 5-day diet records (with assistance from nursing staff and nutrient determinations made from a database modified to include direct fatty acid determinations of vegetable oils and meats consumed by the participants), but n-3 HUFA intake was not reported. The daily intake of a-linolenate was estimated to be 0.35 ± 0.07% of total energy and 0.68 ± 0.15 mg.
Recent findings suggest that increased intake of n-3 HUFA may be protective against cognitive decline associated with aging (van Gelder et al. 2007; Dullemeijer et al. 2007; Schaefer et al. 2006; Whalley et al. 2008; Nurk et al. 2007; Beydoun et al. 2008 ). In the Zutphen Elderly Study, elderly men in the highest tertile, consuming daily approximately 400 mg of EPA and DHA combined, had significantly less cognitive decline than those in the lowest tertile (approximately 20 mg of EPA and DHA combined) (van Gelder et al. 2007 ). In our sample, only 1 participant was estimated to be consuming daily >400 mg of EPA and DHA combined (484 mg). This was accomplished by taking fish oil supplements, and resulted in 38% of n-3 HUFA in total HUFA in whole blood. This participant and 2 other participants had daily DHA intake estimates above 180 mg; however, the other 2 participants had much lower blood levels of n-3 HUFA (28% and 23% of n-3 HUFA in total HUFA). This study highlights the limitations of assessing n-3 HUFA intake with 3-day assessments when: the residents of the facility do not have unlimited food choices, the menu is on a 4-week rotation, and foods high in EPA and DHA are offered sporadically. Extrapolation of our findings is limited, given the select population examined and the small sample size. An examination of dietary intake in retirement communities is relevant, however, as dietary intake in these populations is regulated by government policy. A small study sample was intended, given the demands of duplicate food collection, but recruitment of participants into the study was difficult. There were a large number of eligible residents in the facility who were unwilling to participate, and future studies with larger recruitment targets would require multiple sites. The participants who did complete the protocol were compliant, and alterations in food consumption during the protocol seemed to be minimal, as duplicate meals were readily provided by the food services personnel, a member of the research team was present at each meal, and evening snack duplicates were readily provided.
Interestingly, estimates of EPA + DHA intake by direct determination and 3-day diet records differed significantly when the arithmetic means were compared. In general, there appeared to be a tendency to overestimate food mass in 3-day records in our study, particularly with food items high in fat content. The also appears to be a potential overestimation of the EPA + DHA content of fish consumed by residents. This may indicate a limitation in the current database, as losses in EPA and DHA associated with cooking (Sioen et al. 2006 ) may be underestimated. In our study, it appears that assessment of long-chain n-3 PUFA nutrition was more accurately assessed with fingertip blood sampling than with acute dietary assessments.
In conclusion, strategies to increase the consumption of n-3 HUFA, particularly EPA and DHA, need to be examined. The consumption of fish is 1 strategy; however, fish may be difficult to prepare in a long-term care facility, and may have limited appeal to residents. In addition to fish intake, other strategies, including functional foods and nutraceuticals, can provide significant amounts of EPA and 
Fig. 3.
The relationship between the percentage of n-3 highly unsaturated fatty acids (HUFA) in total HUFA and the dietary intake of n-3 HUFA. The dashed line represents the best-fit line when all participants were included; the solid line represents the best-fit line when participants who consumed a single meal of salmon during the 3-day food collection were excluded from the analysis.
DHA in dietary meals, and the financial cost of these may not be necessarily prohibitive (Patterson and Stark 2008) . The increased cost of providing meals with higher EPA and DHA, compared with the potential reduction in costs as a result of decreased morbidity and associated medical care, should be evaluated for residents of long-term care facilities.
